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ABSTRACT 

T h i s  memorandum d e s c r i b e s  t h e  g e n e r a l  form o f  

momentum a c c u m u l a t i o n  d u r i n g  a n  o u t  of p l a n e ,  ATM p o i n t i n g  

e x p e r i m e n t .  Ho ld ing  t h e  p r i n c i p a l  a x i s  of  i n e r t i a ,  i n  t h e  

d i r e c t i o n  of t h e  ATM, i n c l i n e d  t o  t h e  o r b i t a l  p l a n e  r e s u l t s  

i n  a n  a c c u m u l a t i o n  o f  b i a s  momentum w i t h  i n c r e a s i n g  t i m e  i n  

o r b i t .  

r e q u i r e  t h e  u s e  of a d e s a t u r a t i o n  scheme. 

momentum for two c l u s t e r  c o n f i g u r a t i o n s  i s  d e s c r i b e d ,  and a n  

i n d i c a t i o n  i s  g i v e n  of t h e  number o f  o r b i t s  o b t a i n a b l e  b e f o r e  

t h e  C M G ' s  s a t u r a t e .  

T h i s  w i l l  e v e n t u a l l y  c a u s e  t h e  C M G ' s  t o  s a t u r a t e  and  

The  a c c u m u l a t i o n  of 
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SUBJECT: Accumulation of Momentum and CMG 
Loading for Two Cluster 
Configurations - Case 600-3 

DATE: May 15, 1967 

FROM: C. 0. Guffee 

MEMORANDUM FOR FILE 

The accumulation of momentum and its effect upon how 
often the CMG's must be unloaded is presently under study for 
the cluster configuration. 
studied. 

Two distinct configurations are being 

Configuration I: LM-ATM docked on side port of MDA, C S M  docked 
on axial port. 

Configuration 11: LM-ATM docked on side p o r t  of iriDP, CSM docked 
on a perpendicular side port. 

The spacecraft axes associated with each configuration 
are illustrated below. This study is concerned with the accumu- 
lation of momentum about the principal axes of inertia which are 
in the same general direction as the spacecraft axes. 

+Z 

+X 

FIGURE I - CONFIGURATION I 



BELLCOMM, INC. 

I CONFIGURATION I jCONFIGURATION I1 ' CSM O N  A X I A L  PORT'CSM ON S I D E  PORT 1 
I 

iIx ( s l u g s - f t  2 ) 353 .1  x lo3 j 5 8 4 . 1 7  x lo3 

11 (slugs-ft 2 ) 3 0 1 6 . 6 4 ~  lo3 ; 2475.46 x lo3 , Y  
I 

- 2 -  

/Iz ( s l u g s - f t  2 ) 

+Z 

3193.59~ 10 3 j 2358.76 x lo3 , 

+Y I - CONFIGURATION 2 

The p r i n c i p a l  moments of i n e r t i a  a s s o c i a t e d  w i t h  e a c h  c o n f i g u r a t i o n  
u s e d  i n  t h i s  s t u d y  a re  l i s t e d  i n  t h e  f o l l o w i n g  T a b l e .  

T a b l e  I - P r i n c i p a l  Moments o f  I n e r t i a  
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Dur ing  t h e  ATM e x p e r i m e n t s ,  t h e  t e l e s c o p e  a x i s  w i l l  
b e  o r i e n t e d  t o w a r d s  t h e  s u n ,  and t h e  a x i s  o f  minimum moment o f  
i n e r t i a  ( p r i n c i p a l  x a x i s )  w i l l  be h e l d  i n  t h e  o r b i t a l  p l a n e .  
T h i s  o r i e n t a t i o n  w i l l  r e s u l t  i n  a n o n - p e r i o d i c  a c c u m u l a t i o n  o f  
momentum a b o u t  t h e  p r i n c i p a l  >. a x i s  s i n c e  I 

The r a t e  o f  a c c u m u l a t i o n  of  momentum w i l l  b e  maximum when t h e  
p r i n c i p a l  Y a x i s  i s  f o r t y - f i v e  d e g r e e s  t o  t h e  o r b i t a l  p l a n e .  I n  
t h i s  o r i e n t a t i o n ,  t h e  t i m e  v a r i a t i o n  o f  momentum a b o u t  e a c h  
p r i n c i p a l  a x i s  due  t o  g r a v i t y  g r a d i e n t  and  ae rodynamic  t o r q u e s  
i s  g i v e n  by t h e  f o l l o w i n g :  

and  Iz a re  n o t  e q u a l .  
Y 

C o n f i g u r a t i o n  I 

H ( t )  = 1570 - 1570 COS (2 w,t ) - CI * 4930 SIN ( w  t )  
0 Z 

C o n f i g u r a t i o n  I1 

Hx ( t )  = 0.109 t - 48.6  SIN (2 wet) 

I n  t h e  above  e x p r e s s i o n s ,  wo i s  t h e  o r b i t a l  r a t e  and i s  

1.11 x r a d i a n s / s e c o n d  ( p e r i o d  i s  5654 s e c o n d s )  for a 
260 n .  m i l e  c i r c u l a r  o r b i t .  The p e r i o d i c  terms which v a r y  a t  
t h e  o r b i t a l  r a t e  o0 a re  due  t o  aerodynamic t o r q u e s ,  w h i l e  t h e  

r e m a i n d e r  o f  t h e  terms a re  due  t o  g r a v i t y  g r a d i e n t  t o r q u e .  The 
c o n s t a n t  CI i s  t h e  r a t i o  o f  peak aerodynamic  t o r q u e  t o  peak g r a v i t y  
g r a d i e n t  t o r q u e .  
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Figure I11 is a plot of the magnitude of the accumu- 
lated momentum, during the first two orbits, f o r  Configuration I. 
For zero aerodynamic torque, the accumulated momentum can be 
approximated by a periodic function, varying at twice the 
orbital rate, riding on a monotonically increasing function of 

peaks while increasing the other peak of periodic function due 
to gravity gradient torque. 

b time. The effect of aerodynamic torque is to reduce one of the 

This is illustrated in Figure 111. 
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FIGURE I I I - ACCUMULATED MOMENTUM FOR CONFIGURATION I 

I2000 
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F i g u r e  I V  i s  a p l o t  of t h e  peak  v a l u e  of  accumula t ed  
momentum f o r  s u c c e s s i v e  o r b i t s  f o r  e a c h  c o n f i g u r a t i o n .  Knowing 

F i g u r e  I V  can  be  u s e d  t o  d e t e r m i n e  t h e  number of f u l l  o r b i t s  
which c a n  b e  o b t a i n e d  b e f o r e  CMG s a t u r a t i o n  o c c u r s .  F o r  example ,  

C o n f i g u r a t i o n  I w i t h  a = 0.4 c a n  a c h i e v e  e i g h t  f u l l  o r b i t s  b e f o r e  
CMG s a t u r a t i o n  o c c u r s .  

d t h e  maximum momentum which  c a n  be  a c c u m u l a t e d  by t h e  C M G ' s ,  

i f  t h e  CMG s y s t e m  c a n  a c c u m u l a t e  1 1 0 0 0  f t  lb s e e  o f  momentum, t h e n  I 

NUMBER OF SUCCESSIVE ORBITS 

FIGURE IV - PEAK ACCUMULATED MOMENTUM VS NUMBER OF 
SUCCESSIVE ORBITS 
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S e v e r a l  p o i n t s  must b e  c l a r i f i e d  a b o u t  t h e  above  
example and t h e  u s e  of F i g u r e  I V .  

a 

i 

* The s u p p o s i t i o n  t h a t  t h e  CMG s y s t e m  c a n  s a f e l y  a c c u m u l a t e  
1 1 0 0 0  f t  l b  s e c  of  momentum i s  b a s e d  upon t h e  
a s s u m p t i o n s  t h a t  a n  o p t i m a l  i n i t i a l  o r i e n t a t i o n  of 
t h e  CMG s p i n  v e c t o r  i s  o b t a i n e d ,  and  t h a t  t h e  CMG 
g i m b a l  a n g l e  l i m i t s  a re  n o t  exceeded  as t h e  d i s t u r b i n g  
t o r q u e s  are  b e i n g  c o u n t e r a c t e d .  

I n  a c t u a l  p r a c t i c e  i t  i s  n e c e s s a r y  t o  l e a v e  some 
m a r g i n  f o r  momentum a c c u m u l a t i o n  b y  t h e  CMG,  t h u s  
i n  t h e  above example t h e  CMG s y s t e m  c o u l d  b e  u n l o a d e d  
a f t e r  f i v e  o r b i t s  r a the r  t h a n  a t t e m p t i n g  t o  o b t a i n  
t h e  f u l l  e i g h t  o r b i t s .  

' F i g u r e  I V  i s  f o r  t h e  w o r s t  c a s e  o f  accumula t ed  
momentum a b o u t  t h e  x a x i s ,  i . e . ,  t h e  p r i n c i p a l  y 
a x i s  i s  f o r t y - f i v e  d e g r e e s  t o  t h e  o r b i t a l  p l a n e .  

S tudy  i s  b e i n g  c o n t i n u e d  on t h e  o p t i m a l  i n i t i a l  
o r i e n t a t i o n  o f  t h e  CMG s p i n  a x e s  and t h e  impac t  o f  g imba l  a n g l e  
l i m i t s .  
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CMG Load ing  f o r  Two C l u s t e r  
C o n f i g u r a t i o n s  - Case 6 0 0 - 3  
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